Introduction
Barley is often damaged by aphids because they are virus vectors, penetrate tissues and consume nutrients from the plant (Corcuera, 1993) . The first physical barrier for the aphids are epicuticular waxes (Harborne, 1993) (Harborne, 1993) . In spite of the agricultural importance of the Grami neae, relatively few extensive reports exist on the chemical constituents of these plants. The main problems encountered are the size of the family (6000-9000 species) and the difficulties for rigor-0939-5075/98/0900-0811 $ 06.00 © 1998 Verlag der Zeitschrift für Naturforschung, Tübingen • www.znaturforsch.com. D
ous taxonomic identification (Harborne and Wil liams, 1976).
Recently, isolation and characterization has been reported of 5-(8'Z-heptadecenyl) resorcinol and its C i3,-Ci5 and C 17 hom ologous with alkyl sat urated chains in rice seedlings (Suzuki et al., 1996) . Several hydroxylated and high unsaturated deriva tives of linoleic acid, isolated from rice have been implicated as defensive substance against attack by plant pathogens; for example, a new oxylipin 15(/?)-hydroxy-9(Z), 12(Z)-octadecadienoic acid has also been isolated from oat seeds (Hamberg and Hamberg, 1996) . The amount found in seeds of barley and wheat, however was less than 1 |ig/g fresh weight. Ten unsaturated fatty acids (C 18), five o f which contained epoxide groups and other five contained a hydroxyl group were isolated from leaves of two varieties of O ryza sativa (Har borne, 1986; Grayer and Harborne, 1994). All have been described to show antifungal activity against the rice blast fungus Pyricularia oryzae in two resistant varieties o f rice.
In this paper, we report the identification of the a number of chemical constituents of barley leaves and the effects of infestation with the aphid Schizaphis graminum on the chemical composition of this plant.
Results and Discussion

Effect o f aphid infestation on the chemical com position o f epicuticular com pounds
Chromatographic analyses and gas chromato graphy/mass spectrometry of compounds obtained from leaves after a brief immersion in CH2C12, fol lowed by precipitation of most alkanes and other fatty constituents with M eO H , showed differences between aphid infested (I) and non-infested (NI) barley leaves. The main compounds detected in the epicuticular fraction after 6 days of aphid in festation were: 1, 2 and 3 ( Table I Six day-old barley plants were infested with 15 nymphs of the aphid Schizaphis graminum. Infested and non-infested plants were extracted with C H 2C12 six days later and purified as described in the experimental section. a The reliability of the identification or structural proposal is indicated by the following: A, mass spectrum and retention time consistent which those of an authentic standard; B, structural proposals are given on the basis of mass spectral data (NBS75K Library); C, mass spectrum consistent with spectra found in the literature. b Estim ated concentrations for all compounds were made by peak area comparisons to the area of a known amount of internal standard (heneicosane Rt=20.95) with no correction for individual detector response factors. Six day-old barley plants were infested with 15 nymphs of the aphid Schizaphis graminum. Infested and non-infested plants were extracted with CH 2C12 six days later and purified as described in the experimental section. a The reliability of the identification or structural proposal is indicated by the following: A, mass spectrum and retention time consistent which those of an authentic standard; B, structural proposals are given on the basis of mass spectral data (NBS75K Library); C, mass spectrum consistent with spectra found in the literature. b Estim ated concentrations for all compounds were made by peak area comparisons to the area of a known amount of internal standard (heneicosane Rt=20.95) with no correction for individual detector response factors. (Harborne, 1993) . This is the first report of pyrazine present in Gramineae.
E ffe c t o f a p h id infestation o n the ch em ica l c o m p o sition o f eth yl acetate extracts fr o m barley
Effect o f aphid infestation on the chemical com position o f m ethanol extracts barley
Aphid infestation changed the chemical com po sition of the polar extract from barley leaves, ap pearing new compounds and only a few being con served. The following compounds were detected in infested plants: 6, 7, 1 1 -1 6 and in NI plants 4, 7, 1 7 -1 9 (Table III) . Some of these compounds appeared also in the ethyl acetate extracts of I and Six day-old barley plants were infested with 15 nymphs of the aphid Schizaphis graminum. Infested and non-infested plants were extracted with CH 2C12 six days later and purified as described in the experimental section. a The reliability of the identification or structural proposal is indicated by the following: A, mass spectrum and retention time consistent which those of an authentic standard; B, structural proposals are given on the basis of mass spectral data (NBS75K Library); C, mass spectrum consistent with spectra found in the literature. b Estim ated concentrations for all compounds were made by peak area comparisons to the area of a known amount of internal standard (heneicosane Rt=20.95) with no correction for individual detector response factors. c Rt are average values from three determinations.
NI plants. (4) appeared in methanol extracts and
in epicuticular extracts of non-infested plants. R e cently, it has been reported that phytic acid and polyphenols are potential insect antifeeding in wheat and maize (Joad et al., 1995) . Several unsatured and methyl esters o f fatty acid with a high degree of unsaturation were also detected in bar ley (Table II and III) . Some differences betw een infested and non-infested plants were noted. Derivatives of eicosene 8, 9 and 10 were detected only in infested plants.
While 1 was detected in both plants, (Table II) ; methyl esters of fatty acids 17-19, (Table III) A newly isolated dihydrochalcone from Myrtaceae, which also contains an aldehyde group and fenolic sustituents, shows untifungal activity, per haps caused by the O-quinone m oiety (Grayer and Harborne, 1994 ). This may be relevant because one of the isolated compounds from barley corres ponds to a dihydroxy-benzaldehyde, which could be transformed into the corresponding quinone. Phenolic compounds are oxidized to toxic deriva tives (quinones). Compounds having ortho-hy droxyl groups, including catechol resorcinol deriv atives (Hamberg and Hamberg, 1996) and others are detrimental to greenbug growth and progeny survival; however, the role o f these com pounds in plants is not clear. Most o f them are thought to affect plant growth regulation (Corcuera, 1993) . These compounds also inhibit enzyme activities and induce the nutritive values of plants to herbi vores.
New piperidine derivatives and a non-substituted indole were also isolated from polar frac tions of infested barley (Harborne, 1993; Dyas and Goad, 1993 ). This facts is relevant because one ec ologically interesting group of alkaloids that has been investigated recently as simple piperidines which are mainly found in legumes. They have the ability to inhibit animal glycosidases. These alka loids would seem to have a primary role in pro tecting plants from herbivores (Harborne, 1986) .
The biological significance of the presence of all these compounds in barley is still unknown. N o n e theless, the structural similarities of several of them to others with known antifungal activity sug gests a possible role in sanitary protection of bar ley plants. However, their biological activity is yet to be measured. 
Materials and Methods
General
Acetylation o f samples
Each fraction obtained from the column was acetylated with acetic anhydride (5 ml) and pyri dine (2 ml) at 60 °C for 48 h. Excess acetylation reagents were eliminated by washing 3 times with water, adjusted to acidic pH and then extracted with C H C I3 . After drying, the residues were dis solved in acetone and filtered. Heneicosane (Rt= 20.95) was added as internal standard (5.5 jxl) to the plant extracts immediately after homogeniza-tion. Peak areas were integrated. Quantification were performed at least x 3 times to ensure repro ducibility.
M ethanol and ethyl acetate extracts
Fresh leaves from I and NI plants were cut in small pieces. The material was extracted 2 times with EtO A c and M eOH respectively for 48 h, at room temperature. After filtering and drying with anh. Na2S 0 4, the extracts were subjected to re peated cc on silica gel ( 5 -4 0 mm) using mixtures of hexane-EtO A c-M eO H and hexane-EtOAc respectively. The mixtures of purified products were then acetylated as described before. These extracts were separated by TLC. The EtO A c extract, was dried with Na2S 0 4 anh. con centrated and purified in silica gel columns. Frac tions obtained were acetylated as previously de scribed. 
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